We describe a novel prokaryotic expression system for the production of cationic antimicrobial peptides (AMPs). The method relies on a translationally coupled two-cistron system, in which the termination codon for the first cistron (which encodes the anionic polypeptide mIFc2, a derivative of human gamma interferon) overlaps with the initiation codon for the second cistron (which encodes a cationic AMP) in the sequence of 5-TAATG-3. By forming an insoluble complex with the AMP upon translation, the mIFc2 protein efficiently neutralized the toxicity of the coexpressed cationic AMP and minimized the sensitivity of AMP to proteolytic degradation in a host. The AMPs were retrieved from the insoluble inclusion bodies without any chemical or enzymatic cleavage step by simple cation-exchange chromatography. With our system, ϳ100 mg of various AMPs (buforin IIb, parasin I, and pexiganan) were obtained from 1 liter of Escherichia coli culture. Our expression system may represent a universal cost-effective solution for the mass production of intact AMPs in their natural forms.
Of worldwide concern is the increasing development of bacterial and fungal strains that are resistant to currently available antimicrobial drugs. This worsening situation has spurred Herculean efforts to develop new classes of antibiotics with novel targets and modes of action (19) . Cationic antimicrobial peptides (AMPs) play a key role in the primary host defense of living organisms against infections by pathogenic microorganisms. Because their mechanisms of antimicrobial action differ from those of conventional antibiotics, AMPs have received increasing attention as a potential new class of therapeutic substances (22, 30) .
In contrast to bacterial growth in the presence of commonly prescribed antibiotics, the growth of bacteria in the presence of AMPs does not easily give rise to the selection of pathogenic drug-resistant mutant strains. This is because AMPs rapidly kill microbes by a variety of mechanisms, including (i) fatal depolarization of the normally energized bacterial membrane, (ii) creation of physical holes that cause cellular contents to leak out, (iii) degradation of the cell wall, (iv) disturbance of membrane functions, and/or (v) damaging of critical intracellular targets after internalization of the AMPs (7, 11, 19, 22, 30) . Moreover, AMPs activate the host's innate (nonspecific) immune response without acting as a foreign antigen target of the host's adaptive immune system (23, 30) . Despite the fact that AMPs show great potential as a novel class of antibiotics, the lack of a cost-effective means of mass production has limited the development of these peptides as human therapeutics (8) .
Numerous biological expression systems have been introduced for the cost-effective production of AMPs in Escherichia coli (9) . To decrease their natural destructive behavior toward microorganisms and sensitivity to proteolytic degradation, AMPs are often produced as fusion proteins in heterologous hosts (12, 16) . These studies show that certain fusion partner proteins neutralize the toxicity of AMPs and improve their stability against proteolysis in an expression host. In another series of experiments, recombinant AMP-containing fusion proteins are expressed in tandem repeats in an attempt to increase AMP production. As expected, multimeric expression further enhanced the yield of AMP fusion proteins (9, 12, 16) . However, all of these methods require that the AMP be separated from its fusion partner, and recombinant fusion proteins, including multimeric ones, are usually cleaved with enzymes such as furin or chemicals such as CNBr (12, 16) . This additional process results in inefficient cleavage and thus poor recovery of AMPs from fusion partners. Moreover, unwanted amino acid residue(s) are often included in the AMPs after the cleavage reaction and can decrease antimicrobial activity and cause problematic side effects (18) . Therefore, a new approach for producing an intact and biologically active AMP without the inclusion of an enzymatic or chemical cleavage step is needed.
We have developed here a novel translationally coupled, two-cistron expression system for the production of recombinant AMPs in their natural forms. Using this system, we were able to produce, from 1 liter of E. coli culture, ϳ100 mg of a potent AMP, buforin IIb (BIIb) (15) , without a cleavage step, and other cationic AMPs (parasin I [24] and pexiganan [6] ) were also successfully produced.
were purchased from New England Biolabs (Beverly, MA), Taq polymerase was purchased from Takara (Otsu, Japan), and all enzymes were used according to the recommendations of the suppliers. All recombinant DNA techniques were performed as described by Sambrook and Russell (26) .
Construction of translationally coupled mIFn-AMP cistrons. The mIF gene (the modified human gamma interferon [hIFN-␥] gene was termed mIF), which was used as the first cistron of our two-cistron system, was synthesized by assembling eight synthetic oligonucleotides (oligos) in an asymmetric PCR (2). The hIFN-␥ gene was mutated so as to produce the mIF gene (450 bp) that encoded a negatively charged protein with six amino acid (aa) substitutions relative to hIFN-␥ (mIF; Table 1 ); these changes were made to facilitate an ionic interaction between the anionic mIF and the cationic AMPs. In addition, a region composed of 12 bp (5Ј-GAGGAGGTGGAA-3Ј, which encodes amino acid sequence EEVE) including a Shine-Dalgarno (SD) sequence (underlined), was introduced into the C terminus of the mIF gene in order to improve translational initiation of the product of the second cistron.
Briefly, the 450-bp mIF gene was divided into eight oligos (see Table S1 in the supplemental material) that varied in length from 32 to 100 nucleotides (nt). The eight oligos (PR1 to PR8), which each overlaps with its respective neighboring sequences by an average of 20 nt, were mixed, annealed, and amplified by PCR, generating the mIF gene. For the gene encoding buforin IIb (BIIb), two complementary oligos (PR9 and PR16 [see Table S1 in the supplemental material]) that contain an NdeI and a BamHI site on each end, were annealed, digested with NdeI and BamHI, and ligated into pET21c that had been digested with the same restriction enzymes, generating pBIIb.
The plasmids that express both BIIb and one of each of the coexpression partner in a translationally coupled two-cistron system were constructed by recombinant PCR as follows. The genes encoding derivatives of mIF (the coexpression partners), followed by different intercistronic region at their 3Ј ends, were placed in the first cistron, and the BIIb gene was placed in the second cistron. To identify the optimal distance between the two cistrons that resulted in the highest yield of the expressed proteins, we constructed three two-cistron plasmids (pmIFa-BIIb, pmIFb-BIIb, and pmIFc-BIIb) that contained a variety of intercistronic regions between the derivative of mIF and BIIb genes (Fig. 1A) . To construct pmIFa-BIIb, pmIFb-BIIb, and pmIFc-BIIb, we amplified the mIFa, mIFb, and mIFc genes from the mIF template by using the primer pairs PR0/ PR10, PR0/PR11, and PR0/PR12, respectively, and the BIIb genes from pBIIb by using the primer pairs PR13/PR16, PR14/16, and PR15/PR16, respectively. The resulting mIFa BIIb-, mIFb BIIb-, and mIFc BIIb-containing DNA fragments were then combined by using the primer pair PR0/PR16 (see Table S1 in the supplemental material), digested with NdeI and BamHI, and ligated into pET21c that had been digested with the same restriction enzymes, generating pmIFaBIIb, pmIFb-BIIb, and pmIFc-BIIb, respectively (Fig. 1A) . In pmIFa-BIIb and pmIFb-BIIb, the termination codon (TAA) of the mIF gene and the initiation codon (ATG) of the BIIb gene are 3 (5Ј-TAAGATATG-3Ј) and 0 nt (5Ј-TAA ATG-3Ј) apart, respectively. In pmIFc-BIIb, the termination codon of mIF gene overlaps with the initiation codon of BIIb gene by 1 nt (5Ј-TAATG-3Ј).
To identify the minimal length of the coexpression partner, we constructed expression plasmids that contain truncated versions of the mIFc gene (mIFc1, mIFc2, and mIFc3) as follows. The mIFc1, mIFc2, and mIFc3 genes were am- 
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plified from mIFc by PCR using the primer pairs PR0/PR17, PR0/PR18, and PR0/PR19, respectively, and BIIb was amplified from pBIIb by PCR by using PR15/PR16. The resulting fragments (mIFc1, mIFc2, or mIFc3 and BIIb) were combined by PCR using PR0/PR16 as described above, producing pmIFc1-BIIb, pmIFc2-BIIb, and pmIFc3-BIIb. In these three vectors, the termination codons of mIFc1, mIFc2, and mIFc3 genes overlap with the initiation codon of BIIb gene as in pmIFc-BIIb. The parasin I and pexiganan genes were also synthesized by PCR using the complementary oligos PR20/PR21 and PR22/PR23, respectively. The parasin I and pexiganan expression vectors, pmIFc2-para and pmIFc2-pexi, were constructed by the method described above for pmIFc2-BIIb. Expression of the translationally coupled mIFn-AMP genes in E. coli. E. coli BL21(DE3) cells were transformed with the various expression vectors described above (pmIFc-BIIb, pmIFc1-BIIb, pmIFc2-BIIb, and pmIFc3-BIIb). E. coli transformants that harbored either pmIFc-BIIb, pmIFc1-BIIb, pmIFc2-BIIb, or pmIFc3-BIIb were inoculated into 3 ml of LB medium supplemented with ampicillin and grown at 37°C for 12 h. Each culture was then diluted 1:100 into fresh medium and grown at 37°C. At optical density at 600 nm (OD 600 ) of 0.6, we induced expression of the mIFn (n ϭ c, c1, c2, and c3) and BIIb genes by adding IPTG (isopropyl-␤-D-thiogalactopyranoside) to a final concentration of 0.5 mM. The cells were harvested 4 h after induction by centrifugation at 6,000 ϫ g for 10 min at 4°C and lysed by sonication (6 ϫ 30 s) at 4°C (B. Braun instruments, Allentown, PA). We determined the amount of fusion proteins in whole-cell lysates obtained from the induced cultures (which were all at an equivalent OD 600 ) by quantifying the protein bands in each lane of sodium dodecyl sulfate (SDS)-polyacrylamide gels by densitometry at 600 nm (Bio/Profile image analysis software; Bio-1D, Vilber Lourmat, France).
Production and purification of the recombinant AMPs. For mass production of BIIb, mIFc2 was selected as the coexpression partner because it was the smallest version of the mIFc protein that displayed a neutralizing effect that was as robust as that of the larger version of mIFc (Fig. 2B) . E. coli cells harboring the AMPs expression vectors pmIFc2-BIIb, pmIFc2-para, or pmIFc2-pexi were cultivated in 1 liter of LB medium in shaking flasks. At an OD 600 of 0.6, IPTG was added to a final concentration of 0.5 mM to induce fusion gene expression, and the cells were harvested 4 h after induction (OD 600 of 2.4). After lysis of the cells by sonication as described above, inclusion bodies were recovered by centrifugation at 10,000 ϫ g for 30 min at 4°C and washed with 50 mM Tris-HCl buffer (pH 8.0).
The inclusion bodies were then solubilized in 3 M urea (in 10 mM glycineNaOH buffer at pH 10.0), and the solubilized coexpression mixture was applied to a Resource 15S cation-exchange column (Pharmacia LKB Biotechnology, Inc., Uppsala, Sweden). The bound peptides were eluted by applying a linear 0 to 0.5 M NaCl gradient in elution buffer [20 mM 2-(N-morpholino)ethanesulfonic acid (pH 6.0) with 0.5 M NaCl] and concentrated by lyophilization. The lyophilized peptides were further purified by reversed-phase high-pressure liquid chromatography (HPLC) on a Delta-Pak C 18 column (3.9 mm by 300 mm [inner diameter], 15 m, 300 Å pore size; Waters, Milford, MA) by using a linear elution gradient of 0 to 50% acetonitrile in 0.1% (vol/vol) trifluoroacetic acid at 1 ml/min for 1 h. The amounts of total proteins in the crude extracts and inclusion bodies (resuspended in Tris-HCl buffer) were determined by the bicinchoninic acid protein assay using bovine serum albumin as a standard, and the proteins collected after Resource 15S cation-exchange chromatography and reversed-phase HPLC were quantified by using a LavaPep-peptide quantification kit (Fluorotechnics, Sidney, Australia). In addition, mIF-BIIb protein complexes in the crude extracts and inclusion bodies and BIIb after Resource 15S cation-exchange chromatography and reversed-phase HPLC were also quantified by measuring the protein bands of SDS-polyacrylamide gels by densitometry at 600 nm according to the manufacturer's protocol (Bio/Profile Image Analysis Software; Bio-1D). In brief, the intensity of each protein band was measured as the integrated volume of pixels (with linear dimensions x and y in millimeters and the z axis as the relative absorbance) associated with each Coomassie blue-stained Characterization of recombinant BIIb. The molecular weight and homogeneity of the recombinant BIIb preparation were analyzed by mass spectrometry (MS) on a matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrometer (Kartos Kompact MALDI, Manchester, England). The amino acid sequence of recombinant BIIb was determined by Edman degradation performed on a gas-phase sequencer (model 470A; Applied Biosystems, Foster City, CA). The antimicrobial activity of recombinant BIIb was determined against nine representative microorganisms, including gram-positive and gramnegative bacteria and fungi, using the broth microdilution assay as described by Park et al. (25) .
RESULTS
Construction of translationally coupled two-cistron plasmids and expression of the encoded AMPs. To express a potent antimicrobial peptide BIIb (15) in its naturally occurring form, translationally coupled, two-cistron plasmids were constructed by aligning a coexpression partner gene as the first cistron and a BIIb gene as the second cistron. For the successful expression of large amounts of BIIb, the coexpression partner protein must be able to shield the host-lethal effects of BIIb by (i) forming a complex with the AMP upon expression (20) and (ii) reinforcing the formation of inclusion bodies to protect the expressed peptides from proteolytic degradation by host proteases. We chose hIFN-␥ as a coexpression partner because high-level expression of hIFN-␥ in E. coli results in the distribution of Ͼ90% of the accumulated gene product into inclusion bodies (32) .
For the first cistron, we made mutations in the hIFN-␥ gene that resulted in the replacement of six basic amino acids (arginines and lysines) with six acidic amino acids (aspartates and glutamates) (the specific mutations were R45E, K46D, K131E, R132D, K133E, and R134D). These changes lowered the isoelectric point (pI) of hIFN-␥ so as to efficiently facilitate complex formation (20) with cationic BIIb (the resulting modified hIFN-␥ was mIF). In addition, we introduced an SD sequence (termed SD2) into C terminus of the first cistron for the efficient translation of the gene product of the second cistron (Fig. 1A) .
It has been reported that efficient translational coupling between two cistrons occurs when the cistrons are in close proximity to each other (13, 20) . Therefore, in order to analyze the effect of the distance between the coexpression partner and the AMP genes on the expression of AMPs, we made three different constructs (pmIFa-BIIb, pmIFb-BIIb, and pmIFcBIIb) in which we varied the distance between the termination codon of the first cistron (mIF) and the initiation codon of the second cistron (BIIb) (Fig. 1A) . The termination codon of the first cistron and the subsequent initiation codon of the second cistron were separated by 3 nt in the pmIFa-BIIb (5Ј-TAAG ATATG-3Ј) and 0 nt in the pmIFb-BIIb (5Ј-TAAATG-3Ј); finally, in the pmIFc-BIIb, the termination codon of the first cistron overlapped with the subsequent initiation codon by 1 nt (5Ј-TAATG-3Ј) (Fig. 1A) .
When the pmIFc-BIIb was expressed in E. coli, mIF efficiently neutralized the toxicity of the coexpressed BIIb by forming insoluble complexes. The expression of BIIb was confirmed after solubilization of the mIF-and BIIb-containing inclusion bodies in 3 M urea (Fig. 1B, lane 6) . On the other hand, BIIb was barely expressed either when the mIF-and BIIb-encoding cistrons were placed either 3 or 0 nt apart (Fig.  1B, lanes 4 and 5, respectively) or in the absence of the mIFencoding cistron (data not shown). These results clearly indicate that coexpressed anionic mIF and cationic BIIb form insoluble complexes through electrostatic interactions in our translationally coupled, two-cistron system when the termination codon of the first cistron overlaps with the subsequent initiation codon by 1 nt. Therefore, we selected the mIFc-BIIb vector for further expression experiments.
Selection of a minimal mIF derivative for the BIIb. Although BIIb could be successfully expressed by translational coupling with mIF, the yield of BIIb from the mIF-BIIb complex is only ϳ12%; this is because mIF (17.6 kDa) is a much larger protein than BIIb (2.6 kDa). To increase the relative yield of BIIb in the insoluble complex, we made translationally coupled, two-cistron constructs that encoded C-terminally truncated variants of mIF. The resulting derivatives-mIFc1, mIFc2, and mIFc3-were shorter than the intact mIF by 58, 87, and 102 aa residues, respectively, but still maintaining acidic pIs of 4.35, 4.12, and 4.14, respectively. Furthermore, the Cterminal region, including SD2, was identical to that of the mIFc-BIIb vector (Table 1 and Fig. 2A ).
When these vectors were expressed in E. coli, the anionic truncated mIF derivatives interacted effectively with cationic BIIb (pI 13.27), and the production yield of BIIb increased significantly with the decreasing size of the coexpression partners ( Fig. 2B and C) . A nearly twofold increase in the yield of BIIb was achieved when the length of mIF was reduced from 152 to 63 aa (mIFc2 [see mIFc2-BIIb in Fig. 2C] ), but further reduction in the length of mIF to 48 aa (mIFc3) dramatically reduced the yield of BIIb (Fig. 2B) . We could reduce the size of the coexpression partner mIF down to 63 aa without compromising the yield of BIIb. Therefore, the pmIFc2-BIIb was selected for the remainder of the experiments.
Purification and characterization of recombinant BIIb, parasin I, and pexiganan. After solubilization of the mIFc2-and BIIb-containing complex in 3 M urea (pH 10), the mixture was subjected to Resource 15S cation-exchange chromatography (Fig. 3A, lane 7) , followed by reversed-phase HPLC (Fig.  3A, lane 8) . A total of ϳ100 mg of pure BIIb was obtained from 1 liter of E. coli culture after reversed-phase HPLC, and the purity of the BIIb preparation was more than 95%, which was estimated on the basis of MALDI-TOF-MS results ( Table  2 ). The molecular mass (2,559.1 Da; Fig. 3B ) and amino acid sequence of the recombinant BIIb were identical to those of natural BIIb. This recombinant BIIb displayed antimicrobial activity identical to that of chemically synthesized BIIb (Table 3) .
To verify the applicability of our two-cistron system to other AMPs, we expressed two other cationic AMPs, parasin I and pexiganan, from their corresponding mIFc2-AMP expression vectors. Parasin I is a potent 19-residue peptide isolated from the skin mucus of wounded catfish (24) . Pexiganan (MSI-78) is a frog magainin derivative consisting of 22 aa residues that is being developed to treat foot ulcers in diabetic patients (6) . The pIs of parasin I and pexiganan are 12.84 and 11.72, respectively. As shown in Fig. 3C , parasin I and pexiganan were successfully produced through translational coupling with Downloaded from mIFc2 in our two-cistron expression system, although their production yields were slightly lower than the BIIb yield.
DISCUSSION
Cationic AMPs have been regarded as a potential solution to the worldwide emergence and rapid horizontal spread of antibiotic-resistant traits in bacteria of human and veterinary clinical significance (9) . Numerous biological expression systems have been introduced for the cost-effective production of AMPs (9) . However, because AMPs display a natural destructive behavior toward microorganisms and a relative sensitivity to proteolytic degradation, most of the expression systems have been based on the production of AMP-partner protein fusions in heterologous hosts (9, 12, 16) . Neutralization of AMP toxicity and increased expression of recombinant AMPs can be achieved with such systems, but they also require complicated, yield-compromising cleavage steps to release AMPs from their partner proteins after purification. Therefore, a cost-effective method for the production of intact and biologically active AMPs is sorely needed. In the present study, we described a procedure that permits the production of large amounts of potent AMPs in their naturally occurring forms without any cleavage step. Our method is based on translational coupling of the mIFc2 gene, which encodes an anionic polypeptide, with an AMP gene, which encodes a cationic polypeptide, in a twocistron expression system that reduces the inherent toxicity of AMPs toward host bacterial cells. 4) and pmIFc2-pexi (lanes 1 to 4) . Lanes 1 and 2 show total cell proteins before and after IPTG induction, respectively. Lane 3 represents the soluble fraction of the total cell proteins shown in lane 2. Lane 4 shows the insoluble fraction (inclusion bodies) of the total cell proteins fraction shown in lane 2 after it was solubilized in 3 M urea (pH 10). Lanes S1 and S2 show synthetic parasin I and pexiganan, respectively. IPTG (0.5 mM) was added when the OD 600 of the E. coli culture reached 0.6. Lanes M1 and M2 show molecular size markers, with the actual molecular sizes (in kDa) given by the numbers that flank the gel photograph. The amounts of total proteins in the crude extracts and inclusion bodies (resuspended in Tris-HCl buffer) were determined with the BCA protein assay using bovine serum albumin as a standard. The proteins after Resource 15S cation-exchange chromatography and reversed-phase HPLC were quantified with the LavaPep peptide quantification kit.
c The amounts of mIF2-BIIb protein complexes in the crude extracts and inclusion bodies, and the amounts of BIIb after Resource 15S cation-exchange chromatography and reversed-phase HPLC were also determined by quantifying the protein bands of SDS-polyacrylamide gels by densitometry at 600 nm.
d The yields were calculated based on the amount of the protein of interest. e The starting material for purification was a crude extract obtained by cell lysis of 1 liter of IPTG-induced E. coli culture as described in Materials and Methods.
It is well known that, in bacterial cells and some retroviruses or long terminal repeat retrotransposons, several protein genes can be coexpressed from a single polycistronic mRNA and ribosomes can reinitiate efficiently for the coupling of many closely juxtaposed genes (1, 10, 14, 31) . A typical polycistronic mRNA is composed of several cistronic and intercistronic regions. In most polycistronic mRNAs, each cistron has a ribosome-binding site in the intercistronic region upstream of the initiation codon of the next cistron, which helps the translation of the gene products to proceed sequentially through the various linked cistrons. When translational coupling occurs, efficient translation of a downstream coding region in a polycistronic mRNA is partially or completely dependent on the prior translation of the adjacent upstream coding region (4) . When the termination codon of the first cistron is positioned near the initiation codon of the next cistron, translation between the adjacent cistrons is directly linked; this is because the ribosome bound to the first cistron can easily gain access to the initiation codon of the second cistron (17) . In the reinitiation mode, the 70S ribosome dissociates when it encounters the termination codon of the first cistron, and the 50S particle gets released, while the 30S particle remains attached to the mRNA and reinitiates translation when it finds the second SD (SD2) (17, 21) .
We have adapted this two-cistron expression system for the expression of AMPs. Even though translational coupling was found to occur where the termination codon of the first cistron is positioned near the initiation codon of the second cistron (27) (28) (29) , efficient translational coupling of forming an insoluble complex between AMP and a coexpression partner was achieved only when the sequence of the termination codon of the first cistron (which encodes the mIFc2 gene) overlapped with the initiation codon of the second cistron (which encodes the BIIb gene) in the sequence 5Ј-TAATG-3Ј. In our translational coupling system, it seems that the product of the first cistron (mIFcn) interacts with the product of the second cistron (AMP) immediately after translation before the product of the second cistron (AMP) exerts its lethal effect to the host.
In our translational coupling system, mIFc2 and its derivatives were chosen as anionic and insoluble coexpression partners, because (i) through translational coupling, mIFc2 protein reinforces the formation of inclusion bodies and hence prevents the host-lethal effect and proteolytic degradation of the expressed AMP; (ii) the mIFc2 protein has acidic pI and thus can be easily separated from cationic AMPs; and (iii) mIFc2 protein is nontoxic to our host bacterium, E. coli. This translational coupling of the BIIb and mIFc2 polypeptides led to the accumulation of large amounts of an insoluble complex of BIIb and mIFc2 in the E. coli host. The translational coupling of BIIb and mIFc2 polypeptides seems to be absolutely required for the process of forming a joint insoluble complex, because E. coli cells did not grow well and thus the joint insoluble complex was not formed when BIIb and mIFc2 polypeptide were expressed separately from two different plasmids (data not shown).
In addition, we found that AMP yield is enhanced by decreasing the length of the mIFc coexpression partner. The expression level of BIIb was significantly improved in accordance with the truncation of mIF ( Fig. 2B and C) . However, the mIF derivative that was Ͻ63 aa did not form an insoluble complex with or enhance the expression of BIIb.
Purification of recombinant BIIb produced by our two-cistron expression system was very simple and quite economical, in part because no cleavage step was required. In addition, we used 3 M urea (at pH 10.0) to dissolve the insoluble mIFc2-AMP complex, rather than 6 to 8 M urea, which is typically used to dissolve inclusion bodies. We used these milder conditions because our purpose was only to dissociate the recombinant BIIb from the insoluble complex and not to fully denature the peptide. BIIb that had been dissociated from the complex could then be retrieved from the dissolved inclusion bodies simply by using cation-exchange chromatography.
Until now, the only method that allows to produce AMPs from recombinant fusion protein without the addition of chemicals or enzymes was the use of a self-cleavage system, such as an intein-mediated method (3). However, the AMP yield from such a system has been very low (Ͻ2 mg/liter), because the intein tag is much larger than the AMPs and thus uses the majority of the translation resources provided by the host cell (3, 5) . In contrast to the intein system, our translationally coupled system generated ϳ100 mg of cationic BIIb (15) from 1 liter of E. coli culture. Moreover, other cationic AMPs (parasin I [24] and pexiganan [6] ) were also successfully expressed through our system. These results reveal that our expression system could be a universal mass production method for cationic and small AMPs comprised of natural amino acids and may constitute a cost-effective solution for the mass production of AMPs in their intact and natural forms. 
